The entatic state is a general principle in Nature which denotes the distortion of the coordination geometry of a regarded complex from its ideal-typical geometry with the target of lifting the energy levels of start and endpoint of reactions. By thus lowering the reorganisation energy of electron-transfer processes, the entatic state principle is crucial for a multitude of biochemical processes.
the excited states we deliver a detailed picture of the structural dynamics on the picosecond to nanosecond time range. We hereby demonstrate that the entatic state principle is also valid to tune the photochemistry of copper complexes to allow fastest reaction speed.
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The entatic state principle has been applied for 50 years to interpret thermally activated electron transfer processes at copper centres 1 10 . Entasis denotes a structural pre-distortion of a transition metal complex towards a reaction transition state, thus, facilitating a chemical reaction and, in a narrower sense, enabling faster electron transfer (Fig. 1a) . This pre-distortion is also discussed as energisation of reactive states and is crucial for efficient catalysis in chemistry and biology 1, 8, 9 .
Parallel to this development, photochemistry focuses on the elucidation of the excited state dynamics and reaction pathways 11 13 . Both concepts have yet not been combined, although especially in copper chemistry the entatic state principle and photochemical research have found vital applications, since copper is one of the most important redox-active metals playing a central role in several biological processes 14, 15 . Tuning of the Cu(II/I) redox potential is crucial for efficient electron transfer in nature as well as for synthetic complexes in catalytic processes and in solar energy conversion 11, 16 . The entatic state principle uses a preorganisation of the ligand sphere by a constrained geometry with high similarity for both oxidation states Cu(I) and Cu(II) 17 . Ligand preorganisation denotes the property of a ligand to stabilise a certain coordination mode and in same cases for a specific metal ion. This is different to the metal-ligand complementarity where the metal-ligand pair has an ideal geometrical and electronical fit. For a detailed discussion of the relation between the entatic state, ligand preorganisation and complementarity, see Ref. 17 . The entatic state lowers the reorganisation energy during redox processes and, thus, facilitates them (Fig. 1a ) 9, 18, 19 . For solar energy conversion schemes it is, however, desired to actually generate long-lived charge-separated states with sterically demanding ligand structures to enhance the current flow 11, 20 . Therefore, the entatic state principle concerns both directions (to enhance and hamper charge transfer), since excited state lifetimes are susceptible towards substitution at specific ligand positions and can be tuned over two orders of magnitude by substitution exchange in acetonitrile 21, 22 .
In the context of the entatic state, intensive studies on conformationally invariant Cu(II/I) model complexes have been performed 23 27 . (see Figure 1b for overlay of both cations 10 ). They display the astonishing feature that their structures are very similar possessing a coordination polyhedron in the middle between tetrahedral and square-planar environment 10 . A resonance Raman study of these Cu(I/II) complexes in solution showed that they come into resonance at nearly the same energy around ~3.5 eV by metal-to-ligand charge-transfer (MLCT) and ligandto-metal charge-transfer (LMCT) processes 10 . We found a dominant Cu-N vibrational mode that couples the optical charge-transfer excitation with the distortion along the reaction coordinate leading from the more tetrahedral Cu(I) to a more flattened (towards square-planar coordination) Cu(II) geometry. The donor interplay between guanidine and quinoline units as well as the large steric encumbrance of guanidines were found to be crucial for this constrained coordination.
These model compounds are extremely susceptible to MLCT and LMCT processes, as the predistortion lowers the energy barrier required to enable charge transfer.
In this work, we report on the dynamics of the structural and electronic changes as induced by an MLCT photoexcitation process utilising a collection of complementary experimental transient techniques, which provide crucial information on time scales covering more than four orders of magnitude. With time-resolved optical absorption and emission spectroscopy in the visible and UV range we identify short-lived electronic intermediate states. Time-resolved IR spectroscopy 30 33 characterizes these intermediates by probing the molecular vibrations in the ligand system. Finally, transient pump-probe X-ray absorption spectroscopy (XAS) 34 41 focuses on the changes of the Cu oxidation state and its coordination sphere in [Cu 
Results and Discussion
As entatic state models, the guanidine-quinoline complexes [ (2) (Fig. 1b) configuration) but is sterically mostly driven to tetrahedral motifs. The entatic state principle denotes an energisation of both states (here: misfit of ligands to squareplanar and tetrahedral coordination) which leads to a smaller activation barrier. 9, 17 The principle was developed for copper type-1 proteins but applies also to small molecule complexes with suited ligands Figures 2-9 ) show that both, the 2 and the red-shifted absorption combined with bleach recovery of ground state bands, i.e. features expected for cooling of a vibrationally hot ground state of 1. 44 Hence, two decay channels exist for S 1,relax : into the hot ground state and into the triplet state T 1 (Fig. 3) , which returns with a longer 4 constant into the Cu(I) ground state. The analysis of the time-resolved UV/Vis and IR absorption experiments indicate that very little absorption changes persist at later times (>500 ps). Thus not much more than ~5% of the excited complexes may follow other decay paths, e. g.
via long-lived triplet states.
Additional measurements with time-resolved optical absorption spectroscopy (see section 3 in Supp. Information) were performed on samples dissolved in dichloromethane (DCM). These results follow the same reaction scheme described above with a slower time constant in DCM of 4 =240ps than in CD 3 CN 4 =120ps. UV/Vis experiments with the excitation wavelength exc2 =320 nm in DCM yielded no systematic differences of the time-dependent absorption changes in the picosecond time range indicating no change in reaction pathway for excitation energies in the 3.1 eV and 3.87 eV range (Table 4 ). and species 1 (Fig. 2d) strongly suggests that T 1 is indeed a   3 MLCT state. Moreover, the calculated UV spectrum for T 1 exhibits UV absorption at 400 nm (as observed in the transient UV) together with a broad absorption at 600 nm, the latter being assigned to transitions within the quinolinyl radical (Fig. 2b) . The bifurcation out of S 1,relax towards the hot ground state and the excited state 
Pump probe XAS
To obtain more insight into the nature of the 3 MLCT state, pump-probe XAS experiments can measure the oxidation state of Cu via X-ray absorption near edge spectroscopy (XANES). In addition, the extended X-ray absorption fine structure (EXAFS) is capable to determine structural changes around the Cu centre 34 40 . Copper K-edge XAS spectra of 1 (red), 2 (black) and of the optically generated triplet T 1 (green) are shown in Fig. 4a after 100 ps. The measured pumped XAS spectrum 1 pumped is a superposition of ground state species 1 and excited state species T 1 via (eq1), where f denotes the photoexcited fraction of excited state molecules. By scaling the experimental transient difference spectrum to match the static difference spectrum we extract f ~10% (Fig. 4b) , since the XANES spectra of 2 and T 1 are very similar. It is notable that both species have the absorption edge blue-shifted by ca. 2.5 eV with respect to the XANES of the reactant 1 (Fig. 4a) , which is indicative for a Cu species with oxidation state II. benefits from the entatic state principle, since both extremes of the reaction coordinate (1 and 2 in their ground states) are structurally rather similar through the energisation by the ligands. The large amount of covalency of the guanidine-Cu bond as well as the structural constraint lower the S 1, relax and T 1 (implication of the entatic state!) and lead to the rotation of the corresponding orbital required for efficient SOC.
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T 1 in turn decays to the ground state rather fast in 120 ps by a back-transfer of the electron from the formally reduced ligand to the copper ion. This is again at the lower end for ISCs 11 and can be traced back to the fact that T 1 geometrically strongly ressembles 2 and 1 with an efficient SOC and corresponding orbital rotation (Supplementary Figure 21) . Tahara et al. reported values in the ns range for this transition. 13 We propose that this fast ISC can be correlated with the small HOMO-LUMO gap of ~0.37 eV which is in accordance with literature results and caused by the large spin-orbit coupling 50 . This would imply that the entatic state principle is also applicable for spin state control. A direct connection between spin state control and the entatic state has recently been reported for iron enzymes by Solomon et al. 53 Normally, the entatic state principle is valid for ground-state processes which belong to the classical region of Marcus theory. 18, 27 Contrastingly, MLCT processes are often Marcus-inverted processes. However, in the present case, the free energy of the T 1 decay is considerably smaller than the reorganisation energy (details see section 6 of Supp. Information). Consequently, the T 1 decay can be treated as normal Marcus process.
Hence, we propose that the entatic state principle is not only valid for electron transfer steps themselves, but also for optically excited charge-transfer processes. Since the complexes are restrained by their ligands, their excited states are restrained as well to attain the ground state in due course. This can be regarded as a contrasting effect to that observed in complexes with large substituents, which enforce long triplet lifetimes of up to ns 
Materials and methods
All materials and methods are described in detail in the Supporting Information.
All manipulations involving air-and moisture-sensitive compounds were performed under pure dinitrogen (N 2 ), dried over granulate P 4 O 10 , using Schlenk techniques, or in a glovebox with dried solvents. Solvents were either distilled from sodium benzophenone ketyl radical (THF, To prevent radiation damage a liquid micro-jet system was used for sample delivery. The thickness of the The temporal overlap of laser and X-ray pulses was assured via a fast photo diode located at the jet position. To obtain the XAS spectra Xray fluorescence yield mode was used with an avalanche photo diode (model APD001 from FMB Oxford) in 90° configuration. A second APD for normalization was directed towards a metal foil located several centimetres behind the sample position. The acquisition rate was set to 130 kHz which is twice the repetition rate of the laser system of 65 kHz. The used digitizer (Model ADQ412AC, 12 bit, 2/4GS, SP Devices) allowed to register multi-photon events thus drastically improving the signal-to-noise ratio. 
